A truncated actin with an N-terminus of Met-44 is known to be selectively increased in neutrophils of patients with Behçet's disease and to be generated proteolytically by PMN-elastase ( 
Behçet's disease is thought to be an immune disorder. The patients have repeated exacerbations and remissions of the symptoms. It is possible that the inflammatory symptoms are related to the fact that patients with Behçet's disease have hyperfunctional neutrophils. [1] [2] [3] [4] In a previous study, 5) we applied high resolution two-dimensional gel electrophoresis in order to compare the neutrophil proteins of patients with those of healthy volunteers and reported an increase of a truncated actin with an N-terminus of Met-44 in neutrophils of patients with Behçet's disease. Furthermore, we have found that polymorphonuclear (PMN)-elastase specifically cleaves actin at the site between Val-43 and Met-44 in neutrophils of patients with Behçet's disease. 6 ) PMN-elastase is an enzyme localized in the azurophil granules of neutrophils and is thought to take part in the degradation of materials that have been engulfed by phagocytes. 7, 8) Chymotrypsin, 9) subtilisin 10) and protease from E. coli 11) have been reported to cleave actin at sites that are different from that of PMN-elastase. However, the physiological significance of actin hydrolysis by these proteases is not clear.
The truncated actin, which is generated by hydrolysis of actin by PMN-elastase, may be defective in its ability to polymerize because the N-terminal peptide consisting of Asp-2 to Val-43 of actin (42-merP) is one of responsible sites for protein-protein interaction that are involved in the actin helix. 12, 13) In addition, the 42-merP may contain a binding site for actin-binding proteins and regulate actin functions. [14] [15] [16] These observations suggest that the truncated actin may impair neutrophil function. In addition, the 42-merP itself may have adverse effects on neutrophil function.
In the present study, we (1) determined whether the 42-merP was present in the plasma of Behçet's patients, (2) examined the effects of 42-merP on the motility and degranulation of neutrophils, and (3) determined the ability of the truncated actin to polymerize.
MATERIALS AND METHODS

Materials
Reagents used in this paper were purchased from Sigma Chemical Company Co. (U.S.A.) or Nacalai Tesque Inc. (Japan). All reagents were HPLC grade or analytical reagent grade unless otherwise noted. A 42-mer peptide with partial amino acid sequence of actin from N-terminal Asp-2 to Val-43 (42-merP) was synthesized by and purchased from Swady Technology Co. (Japan). PMN-elastase was purchased from Elastin Products Co. (U.S.A.). Human recombinant interleukin (IL) -8 17) and N-formyl-methionylleucyl-phenylalanine (fMLP) 18) were purchased from Sigma (U.S.A.). Rabbit skeletal muscle actin was purchased from Calzyme Laboratories Inc. (U.S.A.).
Isolation of Neutrophils After receiving informed consent, blood samples were drawn using evacuated blood collection tubes containing ethylenediaminetetraacetic acid (EDTA) disodium salt (Terumo, Japan). Neutrophils were isolated from the venous blood of healthy volunteers as described previously.
5)
Cell Culture Promyelocytic HL-60 cells were cultured in RPMI 1640 medium supplemented with 10% v/v heatinactivated fetal calf serum, 2 mM L-glutamine, 100 UI/ml penicillin and 100 mg/ml streptomycin. The cell culture medium was obtained from Gibco BRL (U.S.A.), and the plastic flasks and the petri dishes were from Becton Dickinson (U.S.A.) or Corning Costar Corporation (U.S.A.). The cells were maintained in a humidified atmosphere of 5% CO 2 and 95% air at 37°C. Before use, the cells were differentiated into neutrophilic granulocytes (HL-60G) by exposure to 1.25% v/v dimethylsulfoxide (DMSO) for 5 d.
Detection of 42-merP in Plasma After receiving in- 19) The blood samples were immediately centrifuged at 1500ϫg for 10 min to obtain plasma. Plasma samples were dialyzed in 12000 Da molecular weight cut-off tubing against 3 mM potassium phosphate buffer (pH 7.4) containing 0.1 mM EDTA and 0.1 mM dl-dithiothreitol (DTT) for one day at 4°C. After dialysis, the buffer outside of the dialysis membrane was concentrated and applied to a blotting analysis using an antibody to the N-terminus of actin as described previously.
5) The antibody to the N-terminus of actin was prepared by immunizing rabbits with a KLH-conjugated peptide (Ac-Asp-Asp-AspIle-Ala-Ala-Leu-Val-Ile-Asp-Asn-Gly-Ser-Gly-Lys), which was involved in a amino acid sequence of 42-merP and had no cross-reactivity with the truncated actin.
Effect of 42-merP on Motility of Neutrophils and HL-60G Cells Chemotaxis and chemokinesis were assayed by a modified Boyden chamber technique 20) using a 96-well microchemotaxis chamber (Neuro Probe Co., Model MBB96, U.S.A.) with polyvinyl propylene-free polycarbonate membranes with 3 mm pores for neutrophils or 5 mm pores for HL-60G cells. This assay was performed to determine whether 42-merP has chemotactic or chemokinetic activity for human neutrophils. Various concentrations of 42-merP (0, 1, 10, 100 nM) were added into the upper wells with cells (4.0ϫ10 5 cells/well) and into the lower wells of a chemotaxis chamber. The chamber was incubated in a humidified atmosphere of 5% CO 2 and 95% air at 37°C for 90 min. Then, fluid and non-migration cells were removed from the upper well. After washing twice with Hank's buffer (Gibco BRL, U.S.A.), 2 mM EDTA in Hank's buffer was added into upper wells and the chemotaxis chamber was further incubated at 4°C for 20 min and the fluid in the upper wells was removed. The chemotaxis chamber capped with a membrane filter was centrifuged (200ϫg, at 4°C for 10 min) to remove fluid from lower wells. The cells that migrated from the upper wells to the lower wells were stained with 10% v/v Alamar blue TM (Dainipponseiyaku, Japan) in 1% BSA RPMI 1640 medium and then the fluorescence intensity was measured with a spectrofluorophotometer (Fluoroskan, Dainipponseiyaku, Japan) with excitation at 544 nm and emission at 590 nm. Experiments were performed in triplicate. Cell viability was estimated by a trypan blue dye exclusion test on HL-60G cells incubated in a humidified atmosphere of 5% CO 2 and 95% air at 37°C for 90 min or 12 h with or without 42-mer P.
Effect of 42-merP on Chemotaxis of HL-60G Cells Induced by IL-8 or fMLP HL-60G cells were preincubated with or without 10 nM 42-merP in 1% w/v BSA RPMI 1640 medium for 20 min at 37°C, and the chemotaxis induced by IL-8 (25, 50, 100 ng/ml) or fMLP (1, 10, 100 nM) was assayed by a 96-well microchemotaxis chamber as described above. The results were expressed as the chemotactic index calculated by the ratio of the fluorescence intensity of cells that migrated by chemotaxis induced by IL-8 or fMLP to the fluorescence intensity of cells that migrated by random movement (medium alone).
Effect of 42-merP on PMN-Elastase Release from Neutrophils Stimulated by fMLP Neutrophils were suspended in Hank's buffer (Gibco BRL, U.S.A.) including 25 mM 2-[4-
6 cells/ml. The cells (4ϫ10 5 cells/tube) were preincubated with or without 100 nM 42-merP in Hank's buffer for 20 min at 37°C. After preincubation, the cells were stimulated with 100 nM fMLP for 30 min at 37°C and then centrifuged at 400ϫg for 5 min at 4°C. The supernatants were stored at Ϫ80°C. The amounts of PMN-elastase in the supernatants were determined by a rapid homogeneous immunoactivation (IMAC) assay using latex particles coated with antibody fragments F(abЈ)2 against human PMN-elastase. Test kits (Ecoline ® PMN elastase; detection limit of 4 mg/l) were purchased from Merck (U.S.A.). The turbidity, which indicates the degree of latex particle agglutination, was measured photometrically with a Cobas Mira TM (Roche, U.S.A.).
Polymerization Ability of Truncated Actin and Effect of 42-merP on Polymerization of Native Actin For PMNelastase digestion, the actin was dissolved in 2 mM Tris-HCl (pH 7.6) containing 0.2 mM CaCl 2 , 0.2 mM ATP and 0.2 mM DTT (G-Buffer) at a concentration of 10 mM. The actin solution (10 ml) was mixed with 2 ml PMN-elastase solution (1 mg protein/ml). The digestion was carried out for 1 h at 37°C and stopped by the addition of 100 mM N-Methoxysuccinyl-Ala-Ala-Pro-Val chloromethylketone (a PMN-elastase inhibitor, Sigma, U.S.A.). Actin and truncated actin with an N-terminus of Met-44 were detected by SDS/PAGE analysis as reported previously. 6) Polymerization of actin after digestion was induced by incubation at 25°C for 60 min in 0.1 M KCl solution containing 0.2 mM MgCl 2 . Then, polymerized actin was sedimented by centrifugation at 198000ϫg for 60 min. The pellet was homogenized with G-buffer. Aliquots of the supernatants and the homogenized pellets were subjected to SDS/PAGE. To examine the effect of 42-merP on actin polymerization, the actin solution (10 mM) was added to an equal volume of 42-merP (10 mM) solution and incubated under polymerizing conditions as mentioned above. After polymerization, the reaction mixture was centrifuged at 198000ϫg for 60 min. Aliquots of the supernatants and the homogenized pellets were subjected to SDS/PAGE analysis.
Statistical Calculations All results are expressed as meanϮS.D. Statistical analysis was performed using Student's t-test or Welch's t-test for comparison of two groups. Differences were considered significant if p values were 0.01, 0.05 or less.
RESULTS AND DISCUSSION
Detection of 42-merP in Plasma
The N-terminal peptide of b-actin (42-merP) in plasma from patients with Behçet's disease and healthy volunteers was detected by immunoblot analysis using an antibody to the N-terminus of bactin as previously reported.
5) It was confirmed that 42-merP exists in the blood plasma of Behçet's disease patients (Fig. 1  BD, nϭ3) and only small amounts were detected in the plasma of healthy volunteers (Fig. 1 HV, nϭ3) . It is undoubted that 42-merP is further digested with various proteases present in the plasma. 6) However, 42-merP was detected in the plasma of patients with Behçet's disease as shown in Fig. 1 . Therefore, it is possible that 42-merP exerts some effects on neutrophil function in the patients.
Effect of 42-merP on Neutrophil Motility Migration of neutrophils and HL-60G cells from the upper wells to the lower wells was not affected by adding 42-merP to the lower wells ( Fig. 2 and Table 1 ), suggesting that 42-merP does not have chemoattractant activity. However, the migration of these cells was dose-dependently suppressed by the addition of 42-merP to both wells. The number of cells that moved through the membrane pores from the upper well to the lower well in a 96-well chemotaxis chamber was dose-dependently decreased by adding the same amount of 42-merP to both the upper and the lower wells ( Fig. 2 and Table 1 ). Since even a high concentration of 42-merP (100 nM) did not affect the viability of these cells (data not shown), 42-merP seemed to inhibit neutrophil motility. In this experiment, 42-merP was shown to have the same effects on motility of neutrophils and HL-60G cells ( Figs. 2A and B) . Therefore, HL-60G cells were mainly used in the following experiments. Fig. 2 and Table 1 , cellular motion of neutrophils and HL-60G cells was suppressed by 42-merP. Then, the effect of 42-merP on chemokine-induced motion, chemotaxis of HL-60G cells by IL-8 (25, 50, 100 ng/ ml) and fMLP (1, 10, 100 nM) was examined. The increased migration of HL-60G cells induced with IL-8 and fMLP was suppressed by preincubating the cells with 10 nM 42-merP for 20 min at 37°C (Fig. 3) . The 42-merP appeared to suppress the cellular mobility of HL-60G cells rather than the receptor-mediated action of IL-8 or fMLP.
Effect of 42-merP on Chemotactic Migration Induced by IL-8 or fMLP As shown in
Effect of 42-merP on the Release of PMN-Elastase from Neutrophils
The release of PMN-elastase from neutrophils is an indicator of degranulation. The release of PMN-elastase could be induced by 100 nM fMLP. The release of PMN-elastase from fMLP-stimulated neutrophils was clearly inhibited by preincubating the cells with 100 nM 42-merP for 20 min at 37°C (Fig. 4) . Thus, 42-merP also suppresses degranulation.
Polymerization Ability of Truncated Actin and Effect of 42-merP on Polymerization of Native Actin A mixed solution of native actin and truncated actin for a polymerization assay was obtained by the treatment of actin solution with PMN-elastase. Polymerization of actin was induced by incubating in 0.1 M KCl solution containing 0.2 mM MgCl 2 . Most of the native actin was found in the precipitate, indicating that native actin was polymerized under the experimental condition (lanes 7 and 8 in Fig. 5 ). On the other hand, most of truncated actin in the mixed solution was found in the supernatant, indicating that truncated actin did not have polymerization ability (lanes 5 and 6 in Fig. 5 ). These results also suggest that truncated actin does not affect polymerization of native actin. Furthermore, this result corresponds with the finding that amino acid residues of Gln-41 to Val-45 in actin are involved in a part of actin-actin binding face. 12, 13) The 42-merP did not affect polymerization of actin even if it was added at 10 times the actin concentration (data not shown). Together, the above results indicate that the 42-merP in neutrophils of patients with Behçet's disease may suppress neutrophil motility, but not by inhibiting actin polymeriza- tion.
The plasma of patients with Behçet's disease in the acute phase contains high levels of inflammatory cytokines such as IL-1b, tumor necrosis factor (TNF)-a and IL-8, which results in the priming of neutrophils. [21] [22] [23] Furthermore, PMNelastase has a cytokine-like action in that it amplifies the number of activated macrophages and neutrophils. 24) However, the present results show that hydrolytic products of actin by PMN-elastase have suppressing effects on neutrophilic function. Accordingly, it is expected that the increase in 42-merP and truncated actin in the patients leads the neutrophil inflammation symptoms to their ends. The increase of truncated actin in neutrophils circulating in the blood may suppress the adhesion of neutrophil to vascular endothelial cells and may suppress the infiltration of neutrophil into inflammation regions. This may be responsible for the repeated relapses in the inflammatory process in Behçet's disease which consists of an acute severe phase and a remission phase. The major symptom of Behçet's disease is the infiltration of neutrophils into specific tissues. 19) The effect of 42-merP on this process has not been examined, but the present results raise the possibility that 42-merP depresses the hyperfunction of neutrophils in the inflammatory site of the patients. Vol. 24, No. 7 
